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Background: Atherosclerosis is a systemic disease with heterogeneous manifestations. Plaque eccentricity has been associated with plaque 
vulnerability and adverse coronary events in humans. Endothelial shear stress (ESS) is a critical factor determining the progression of individual 
plaques and low ESS leads to high-risk lesions. However, the factors responsible for the development of eccentric lesions have not been studied. We 
aimed to investigate in vivo the effect of local hemodynamic and plaque variables on the subsequent formation of eccentric plaques in humans.
Methods: 3-dimensional coronary artery reconstruction by angiography & intravascular ultrasound (IVUS) was performed in 374 pts at baseline 
(BL) and 6-10 mo (FU) later to assess plaque natural history as part of the PREDICTION Trial. Each artery was divided into consecutive 3-mm 
segments for serial analysis. BL ESS was assessed using computational fluid dynamics. Minimally diseased arterial segments at BL were defined by 
IVUS as max plaque thickness ≤ 0.5 mm. The eccentricity index (EI) at BL and FU was computed as the ratio of max to min plaque thickness. The 
relative change of EI (%ΔEI) was defined as: (ΔEI/BL EI)×100. Mixed-effects linear regression was used for investigating the relationship between BL 
local variables and %ΔEI.
Results: 2,157 minimally diseased native segments were identified in 874 arteries. In the univariate analysis, BL ESS (beta= −1.8 %/Pa; p<0.001) 
was negatively related to %ΔEI, whereas BL plaque area (beta= 2.5 %/mm2; p<0.001), lumen area (beta= 1.0 %/mm2; p<0.001) and expansive 
remodeling (beta= 5.5% vs. constrictive; p=0.005) were positively related to %ΔEI. However, the multivariate analysis identified ESS (beta= −1.1 %/
Pa; p=0.04) as the only significant independent predictor of %ΔEI (plaque area, p=0.35; lumen area, p=0.48; expansive remodeling, p=0.22).
Conclusion: There is an inverse dose-response relationship between ESS magnitude and the serial change in plaque eccentricity indicating that 
low ESS promotes the development of eccentric lesions. Coronary regions prone to develop eccentric plaque, i.e. those at highest risk to cause an 
adverse event, can be identified early by ESS assessment.
